Defective sperm function is the most common cause of infertility. A prospective study was carried out to correlate the concentration of nitrite (the stable metabolite of nitric oxide) in seminal plasma with leukocytospermia, and sperm membrane integrity. Total Fifty-seven normozoospermic subjects with and without leukocytospermia visiting the Infertility clinic at KH and MRC, Karad, were included in the present study. Semen samples were checked for sperm concentration, total sperm count, sperm motility, seminal leukocyte concentration and sperm membrane integrity as Hypoosmotic Swelling Test. Similarly the concentration of nitrite in seminal plasma was measured by Griess reaction and total antioxidant power measured as ferric reducing ability of plasma. The concentration of nitrite in seminal plasma was found to be raised with significantly increased leukocyte concentration in semen. Also significantly lowered levels of total antioxidant power along with defective sperm function was observed. Our results suggest that supplementary treatment of antioxidants with antibiotic for leukocytospermic infertile male patients may improve the sperm membrane integrity.
INTRODUCTION
Reproductive health is a state of complete physical, mental and social well -being in all aspects relating to the reproductive system and to its functions and processes (1) . Defective sperm function is the most common cause of infertility because many etiological agents like Klinefelter syndrome, varicoceles, hypogonadotropic state and many diseased conditions like mumps, tuberculosis, syphilis, pancreatitis etc. are responsible for male infertility and hampers the spermatogenesis and sperm motility.
Mammalian spermatozoa membranes are rich in high unsaturated fatty acids and are sensitive to oxygen induced damage mediated by lipid peroxidation. The excessive generation of ROS (Reactive Oxygen Species) by abnormal spermatozoa and by contaminating leukocytes has been identified as one of the few etiologies for male infertility (2) .
A controversy has evolved as to whether the source of ROS in semen of subfertile men originates in the spermatozoa themselves, in the germ cells or in infiltrating leukocytes (3) . However leukocytospermia is associated with poor semen quality and possible subsequent infertility. Further it is also known that fertile men may have highly variable numbers of WBC (4) suggesting that a factor besides leukocytospermia may be responsible to affect seminal quality.
The nitrogen derived free radicals nitric oxide (NO -) and peroxynitrite anion (ONOO -) also play significant role in the reproduction and fertilization. Nitric oxide may play a part in tissue damage for it may be cytostatic or cytotoxic not only for invading microorganism but also for the cells that produce it and for neighbouring cells (5) .
In a normal situation the seminal plasma contains antioxidant mechanisms which are likely to quench these ROS and protect against the damage to spermatozoa. However, during genitourinary infection /inflammation these antioxidant mechanisms may downplay and create a situation called oxidative stress (6) .
The present study is planned to evaluate the role of reactive nitrogen species (RNS) in spermicidal effect with respect to leukocytospermia and also to study the status of total antioxidant power in seminal plasma.
MATERIAL AND METHODS

Semen Samples
Eighty-three semen specimens were obtained from healthy controls and patients of age group 21-45 years visiting the Infertility Clinic, at Krishna Hospital and Medical Research Centre, Karad. They were advised to observe an abstinence of 3 days and to deliver sample on 4 th day.
Semen Analysis
After liquefaction, ejaculates were analyzed for volume, pH, Sperm Count, motility, morphology, leukocyte count and sperm membrane integrity test according to the guideline prescribed by World Health Organization (7).
Leukocyte Count
Round cells (immature germ cells and WBC) were counted in a hemocytometer and referred to X 10 6 round cells /ml. of semen and number of leukocytes with respect to 100 round cells was determined in stained slides at 1000 X magnification. For this, a drop of semen sample was applied to glass microscope slide, and after drying, the smear was fixed in methanol and stained by MayGrunwald Giemsa. The number of leukocytes/ml semen was determined multiplying number of round cells/ml by percentage of leukocytes (8) .
As per the WHO criteria semen specimens were divided into two group of normospermic >20 X 10 6 sperms/ ml. with normal morphology and motility with leukocytospermic (Leukocyte count >1 X 10 6 WBC/ ml. of semen) and nonleukocytospermic (Leukocyte count<1 X 10 6 WBC/ ml of semen)
After centrifugation seminal plasma were used for assays of nitric oxide by Griess reaction (9) . Nitric oxide is a labile and diffusible molecule which forms stable metabolites (nitrite/nitrate; NO 2 -and NO 3 -) detected by Griess reaction. In kinetic method nitrate is reduced to nitrite by copper coated cadmium granules. This nitrite produced was determined by diazotization of sulfanilamide and coupling to napthylenediamine. Total antioxidant power in seminal plasma was measured as ferric reducing ability of plasma (FRAP) assay of Benzie I.F.F. (10) . Antioxidant power converts ferric to ferrous ion by reduction at low pH and causes a coloured ferrous tripyridyltriazine complex.
Leukocytospermic patients were followed for next month after antibiotic and antioxidant treatment.
Hypoosmotic Swelling Test
Healthy viable sperm having good fertilizing potential have the property of curling of tails when exposed to the stress of hypoosmotic pressure. The unhealthy poor quality sperm do not have curling property under the hypoosmotic pressure (11).
1.0 ml of Hypoosmotic solution (HOS) (composition: 1.351 gm. fructose and 30.735 gm sodium citrate in 100 ml. distilled water) was taken in tube and warmed at 37ºC for 10 minutes .0.1 ml. of semen sample was then added to HOS , mixed well and incubated at 37ºC for 30 minutes. 10 l (Microlitre) of incubated mixture was taken on a labelled clean glass slide covered with a cover slip and examined under microscope at 400 X magnification.
Percentage of sperm having coiled tails was calculated in two fields and the mean was calculated.
Statistical Analysis
Mean values were compared using the unpaired student's 't' test.
RESULTS
Samples were grouped according to number of WBC as nonleukocytospermic (<1x10 6 WBC/ ml.) or leukocytospermic (>1x10 6 WBC/ ml). Leukocytospermic samples were followed for next month after treatment of antibiotic (Ciprox TZ 500 mg.1bd. -7 days) combined with antioxidant treatment (A-Z antioxidants) (1 tab/day for 1 month).
It was observed that nitric oxide level was significantly (P<0.001) increased in leukocytospermic samples than in the nonleukocytospermic specimens. Also in HOS test percentage of coiled tail was reduced to 58.60 % along with significantly decreased sperm motility was observed and total antioxidant capacity was found to be significantly reduced (Table 1) .
After antibiotic and antioxidant treatment leukocyte were found to be decreased and appeared to be normal while HOS test significantly improved and total antioxidant power increased significantly (P<0.001). Nitric oxide levels were found to be significantly reduced (P<0.001) after treatment as compared with pretreatment level.
DISCUSSION
Unexplained infertility is a challenging problem for the treating doctor but is a frustrating experience for infertile couple. The routine semen analysis repeatedly shows apparently normal report, but one does not know whether the functional property of sperms is normal or not. So the purpose of this study was to find out the effect of nitric oxide on the sperm function in normospermic leukocytospermia subfertile patients in comparison to fertile control with non-leukocytospermic subjects.
Hypoosmotic swelling test evaluates the physiologic integrity of plasma membrane of sperm. Semen samples with abnormal hypoosmotic swelling test had significantly high debris suggesting of infection, which is known to affect sperm function and membrane integrity (11).
Our results show that normozoospermic leukocytospermic samples have significantly high levels of nitric oxide, suggesting that leukocyte concentration in the semen may be responsible for increase in the nitric oxide levels in the seminal plasma. These increased levels of nitric oxide may produce cytotoxic effect, which damage the sperm membrane integrity causing decrease in sperm motility. Hypoosmotic swelling test is also found to be decreased as compared with normozoospermic specimens suggesting that nitric oxide may hamper the sperm function.
Several inflammatory mediators are produced within the normal testis, where they are believed to be involved in regulating Leydig cell function and spermatogenic development (12, 13) . Production of these mediators is increased by inflammatory stimuli. A number of recent in vitro studies have indicated that the inflammatory vasodilator nitric oxide (NO) is capable of inhibiting steroidogenesis by the Leydig cells, the granulosa luteal cells, and the adrenal cortex (14) (15) . Production of NO occurs through the action of one of three nitric oxide synthase (NOS) enzymes. Immunohistochemical studies have shown that the endothelial (type III) isoform is present in both human Leydig and Sertoli cells (16) .
A balance between the benefits and risks from reactive oxygen species and antioxidants appears to be necessary for survival and normal functioning of spermatozoa (17, 18) . Increased production of lipid peroxide is associated with decrease in Zinc as antioxidants .An imbalance in this harmony may be responsible for the inactivation of hyaluronidase activity thereby leading to severity of oligozoospermia (19) . In the present study it was observed that decrease in total antioxidant power correlates with abnormal sperm membrane integrity by HOS and increased nitric oxide concentration. This suggests that imbalance between antioxidants and reactive nitrogen species results in sperm membrane integrity.
Nitric oxide is produced in large quantities during host defence and immunologic reactions. Because it has cytotoxic property and is generated by activated macrophages, it is likely to have a role in nonspecific immunity. The L-arginine nitric oxide pathway in murine macrophages constitutes a primary mechanism of defence against extracellular and intracellular microorganisms (20) .
High levels of ROS in semen have been correlated with reduced sperm motility and damage to sperm nuclear DNA (18) . Determining the levels and the sources of excessive ROS production in human semen and precise evaluation of the scavenger system may be useful tools to develop therapeutic strategies for male infertility (21) .
A controversy about seminal nitric oxide and sperm parameters was raised. According to Ravella et al. (22) in vivo nitric oxide synthesis does not affect the sperm function. But present study finds that increased level of nitric oxide correlates with leukocytospermia and affects the sperm membrane integrity.
Male genital tract inflammation typically results in leukocytospermia. Approximately 82% leukocytes are granulocytes. Small number of lymphocytes (T and B cells) and monocytes/macrophages may also be present (23) . In semen granulocytes are major producer of reactive oxygen species (24) . Also (25) . Nitric oxide may play a part in tissue damage for it may be cytostatic or cytotoxic not only for invading microorganisms but also for the cells that produce it for neighbouring cells (5) . Furthermore, although nitric oxide is cytostatic and cytotoxic in its own right, in some situation it may interact with oxygen derived radicals to generate molecules that could enhance its cytotoxicity (26) .
In vitro data have indicated that nitric oxide (NO) inhibits Leydig cell testosterone production, suggesting that NO may play a role in the suppression of steroidogenesis and spermatogenic function during inflammation. Potential role for inducible nitric oxide synthase (iNOS) in regulating the normal functions of a particular organ, i.e., the testis had been reported. A role for iNOS in mediating inflammatory damage on the testis during inflammation is also suggested (27) .
Thus, the concentration of nitrite in seminal plasma is significantly increased with leukocyte concentration in semen and decreased sperm membrane integrity is also observed suggesting that nitric oxide released by leukocytes may be responsible for defect in sperm membrane integrity, which may be improved after antioxidants treatment. Our study suggests that supplementary treatment of antioxidant along with antibiotic have beneficial effect in preventing damage to sperm membrane integrity and inhibiting the reactive oxygen species.
Further studies are clearly warranted to find mechanism of nitric oxide synthase in spermicidal effect and role of inhibitors of nitric oxide synthase in reducing sperm membrane damage by proinflammatory processes.
